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We examine the theoretical mechanisms for producing high-energy photons in the reaction a+" Sm and 'He+ ' Sm at low bombarding energies. We find that neither potential field nor nucleon-nucleon collisions can account for the measured high-energy tail, leaving the source of these photons a mystery. Further experiments are suggested to help determine the origin of the photons.
Recent measurements of high energy photons produced in heavy ion collisions' have aroused considerable interest and discussion about the production mechanisms of these photons.
The theory of nuclear dynamics is usually based on the nuclear Hamiltonian separated into a part describing single-particle motion in a mean field potential and the remaining part treated as a residual interaction. The collisional bremsstrahlung mechanism which is due to the residual part of the Hamiltonian has been investigated by several authors '' ' and it seems to provide a most important source of photon production at intermediate bombarding energies.
In particular, using infinite nuclear matter approximation and considering only the first chance collisions we found in a earlier work' the high energy photon cross section to be of the same order of magnitude of the observed yields. The first chance collision assumption has been checked by Bauer et al. ' within a model (Boltzmann-UehlingUhlenbeck) that contains the nucleon-nucleon collisional history of the system. In contrast, Nifenecker and Bondorf and also quite recently Neuhauser and Koonin' assumed where the last factor has been introduced in order to account for the contribution due to the target current. In this factor A, and Z, stand for the total number of nucleons and protons in the target nucleus and F(k) is the form factor of the target for photons of momentum k normalized to F(0) = 1.
In order to understand the role of the finite geometry of nuclei, we show in Fig. 1(a) the integrand under the impact parameter integration in Eq. (9) 
where, S denotes the separation energy.
Equations (5), (7), and (8) allow us to compute the differential probability rate for a given impact parameter b. The differential cross section is then obtained by integrating over the impact parameter and azimuthal angle bility rate integrated over the azimuthal angle as a function of the impact parameter and at a fixed photon energy for the system a+' Sm. As one sees, the differential probability becomes more isotropic as the impact parameter increases. This can be easily understood if we remember that photons are dominantly emitted in the direction perpendicular to the velocity of the particle.
As the impact parameter increases the velocity in the normal direction to the target surface becomes more and more. perpendicular to the direction of the incident beam, which means that the probability rate increases at forward and backward angles as the impact parameter increases. It is interesting to compare the results of Fig.  1(a) (10) which is shown in Fig. 1(b) for different values of b. We see that the results show a similar behavior as in Fig.  1(a) . The asymmetry around 90' observed in the case of Fig. 1(a) is due to the fact that the probability rate contains terms which go as 1/(1 -k. v), where v is the velocity of the particle. This can easily be verified by evaluating the probability rate given by Eq. (1) in the semiclassical and long wave limits. Equation (10) gives a differential probability rate which takes the pure sin 0 shape as b approaches zero and the (1+sin 0/2) shape for b near its maximum value R.
It is also interesting to examine the influence of the centrifugal barrier on the differential cross section. As we mentioned before, the centrifugal barrier combined with the Pauli blocking enforces a limit on the maximum photon energy which is given by Eq. (8) we may expect the potential mechanism to be the dominant process of photon productions. In Fig. 3 If the photon energy is small enough then all b up to R is allowed; as the co increases b,"decreases. Since the differential cross section is obtained by integrating the differential probability rate over the impact parameter weighted by b, it is clear from the results of Fig. 1 that the angular distribution becomes more and more pronounced as the photon energy increases, since the larger b contribution will be suppressed.
Also the results of Fig. 1 show that the near-grazing trajectories provide important contributions to the photon yield in a potential mechanism.
Within the approximation of Eq. (10) 10" fm ' and corresponds to 70% of the nuclear matter normal density, which may be too high for o. particles. As one sees, although the slope is reproduced, the calculated cross section is much smaller than the data. In Fig. 4 
